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摘 要 
南极假丝酵母脂肪酶 B（Candida antarctica lipase B，CALB）是工业上广泛
应用的脂肪酶。维生素 A 棕榈酸酯是具有良好市场前景的维生素 A 衍生物。利
用南极假丝酵母脂肪酶 B 催化合成维生素 A 棕榈酸酯具有条件温和，反应选择
性高，副反应少，产品的稳定性好，绿色环保等优点。 
本文首先培养重组毕赤酵母获得高浓度CALB的发酵上清液。发酵 144 h后，
游离酶酶活可达 108 U/mL，目标蛋白占总蛋白含量的百分比为 63.4%。通过对
游离酶固定化方法的比较，发现与共价法相比，吸附法操作简单，同时对酶活破
坏小。采用大孔吸附树脂 HPD826 吸附固定脂肪酶，其催化月桂酸酯化的活性可
达 9200 PLU/g。 
其次，采用吸附法将南极假丝酵母脂肪酶 B 固定在大孔吸附树脂 HPD826
上，催化维生素 A 乙酸酯（VAA）和棕榈酸合成维生素 A 棕榈酸酯（VAP），对
反应溶剂、温度、搅拌转速、底物摩尔比等进行了系统研究，确定了适宜的反应
条件为：溶剂采用石油醚，温度为 35°C，转速为 160 rpm，棕榈酸与维生素 A
乙酯摩尔比为 4:1。在此条件下，在维生素 A 乙酯浓度为 10 g/L 的 10 mL 反应体
系中，加入 20 mg 固定化酶，反应 6 h，转化率可达 84%。动力学研究发现脂肪
酶催化维生素 A 乙酯与棕榈酸的酯转移反应符合乒乓 Bi-Bi 机制，另外，产物乙
酸对反应具有非竞争性抑制作用，抑制常数为 2.823 mmol/L。在稳定性研究中，
该固定化酶重复利用 15 次，转化率仍可达 54.3%。 
再次，采用简易固定床生物反应器实现了固定化脂肪酶催化转酯化反应的连
续化。通过固定床反应器中反应条件的优化，可以得到固定床工艺条件为：在直
径 10 mm，高度 200 mm 的反应器中装载 5 g 固定化酶，进料中维生素 A 乙酸酯
浓度为 2.8 g/L, 棕榈酸与维生素 A 乙酸酯摩尔比为 5:1，进料流量 8 mL/min，反
应温度 35°C，转化率可达 80%。连续使用 12 h 以上转化率可达 66%。 
最后，利用成功固定在大孔吸附树脂 HPD826 上的脂肪酶 CALB 催化维生
素 A 氢化物合成维生素 A 单酰化物。对反应条件，如反应介质，酰基供体，摩
尔比，温度，转速进行了系统研究。结果显示，固定化 CALB 催化维生素 A 氢
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化物合成维生素 A 单酰化物最合适反应条件是：溶剂采用石油醚，酰基供体为
乙酸乙烯酯，反应温度为 50°C，转速为 160 rpm，底物摩尔比为 3:1。该条件下,
在维生素 A 氢化物浓度为 20 mmol/L 的 5 mL 反应体系中，加入 100 mg 固定化
酶，反应 60 min，转化率达到 94%。单酰化反应选择性为 100%。 
关键词：固定化酶；维生素 A 棕榈酸酯；转酯化；动力学；反应器；维生素 A
氢化物；单酰化 
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Abstract 
Candida antarctica lipase B (CALB) has been widely used in industry and 
vitamin A palmitate has great market prospects. The synthesis of vitamin A palmitate 
catalyzed by Candida antarctica lipase B has many advantages including mild 
conditions, high reaction selectivity, less side effects, good product stability, 
environmental friendly etc. 
Firstly, the high concentration of CALB were obtain after the cultivation of 
recombinant Pichia pastoris. After 144 h fermentation, the enzyme activity of free 
enzyme was 108 U/mL. The average percentage of target protein accounted for the 
total protein content was 63.4%. Through the comparison of differentimmobilization 
methods, adsorption method has the advantages of simple operation and little damage 
to the enzyme. It turned out that the macroporous resin HPD826 as a carrier give the 
highest activity (ca. 9200 PLU/g) among all the screening carriers.  
Secondly, the immobilized CALB was used to synthesize vitamin A palmitate 
(VAP) by transesterification of vitamin A acetate (VAA) and palmitic acid in organic 
solvent. The optimized reaction conditions were obtained: the organic solvent was 
petroleum ether, the reaction temperature was 35°C, the rotation speed is 160 rpm, the 
ratio of palmitic acid and vitamin A acetate is 4:1. Under the optimum condition, in 
the 10 mL reaction system, when the concentration of vitamin A ethyl ester was 10 
g/L and the amount of immobilized CALB was 20 mg, the conversion of vitamin A 
acetate can reach 84% after 6 h. The transesterification kinetics of the immobilized 
CALB was found to follow the ping pong Bi-Bi mechanism. It was also found that the 
reaction product acetic acid inhibits the enzymatic reaction with an inhibition factor of 
2.823 mmol/L. The immobilized CALB reused for 15 cycles still retains 54.3% 
conversion ability. 
Thirdly, the simple fixed bed biological reaction device was used for the 
continuous transesterification reaction. By optimizing the reaction conditions in fixed 
bed reactor, the optimized reaction conditions for fixed bed process were obtianed: 5 
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g immobilized lipase were loaded in a 10 mm diameter and 200 mm height reactor; 
the concentration of vitamin A acetate was 2.8 g/L; molar ratio of palmitic acid and 
vitamin A acetate was 5:1; the flow rate was 8 mL/min, the reaction temperature was 
35°C. Under the optimum condition, the conversion of vitamin A palmitate can reach 
80%. The conversion rate was 66% after continuous use for 12 h. 
Finally, the synthesis of vitamin A single acylate was catalyzed by immobilized 
CALB. The optimum reaction conditions were as follow: the organic solvents was 
petroleum ether, acyl donor was vinyl acetate, substrate molar ratio was 3:1, reaction 
temperature was 50°C and the rotation speed was 160 rpm. Under the optimum 
condition, in the 5 mL reaction system, when the concentration of vitamin a hydride 
was 20 mmol/L and the amount of immobilized CALB was 100 mg, the conversion of 
vitamin a hydride can reach 94% after 60 min and the selectivity can reach 100%. 
Keywords: Immobilized enzyme, Vitamin A palmitate, Transesterification, Kinetics, 
Reactor, Vitamin A hydride, Mono acetylation 
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第一章 文献综述 
1.1 维生素 A及其衍生物 
1.1.1 维生素 A简介 
维生素 A，也被称为视黄醇，是一种脂溶性维生素，化学名为 3,7-二甲基-9
（2, 6, 6-三甲基-1-环乙烯基）-2, 4, 6, 8-壬四稀-1-醇。其结构式如图 1.1 
CH3
H3C CH3 CH3
CH2OH
CH3  
图 1.1 维生素 A 结构式 
Figure 1.1 Structure of retinol 
 
维生素 A 是人体必需的营养素之一，是构成视觉细胞中感受弱光的视紫红
质的组成成分。人体若缺乏维生素 A，将影响暗适应能力，同时维生素 A 具有
维持上皮组织的正常形态与功能、维持正常的骨骼发育、维持免疫系统功能、抗
氧化、预防肥胖等功效[1; 2]。动物若是缺乏维生素 A 容易发生上皮组织改变，出
现角质化，皮肤变得干燥，呼吸道表皮改变等等，还易于受到细菌感染。近些年
来，由于维生素 A 具有多种功效已经被广泛应用于化妆品和药物中[3-5]。 
1.1.2 维生素 A衍生物简介 
维生素 A 不能在人体中合成，因此必须由食物提供（即膳食补充剂或强化
食品）。然而，在暴露于紫外线或在氧存在的条件下，维生素 A 容易分解。此外，
据报道一些分解产物可能会破坏细胞膜、核 DNA、蛋白质和脂质，这可能会引
起不希望的副作用，如衰老、炎症和心血管疾病。有趣的是，维生素 A 酯衍生
物，也称类视黄醇类物质，有更好的化学稳定性和热稳定性，也不容易异构化和
氧化。目前商品销售的维生素 A 产品主要是维生素 A 乙酸酯（简称 VAA，约占
90%）和维生素 A 棕榈酸酯（VAP，约占 10%）。 
维生素 A 乙酸酯分子式为 C36H60O2，分子量 328.5。结构式如图 1.2 
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